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Objective: To investigate the reliability and agreement of 
measures of lower extremity muscle strength, power and 
functional performance in patients with hip osteoarthritis at 
different time intervals, and to compare these with the same 
measures in healthy peers.
Design: Intra-rater test-retest separated by 1, 2, or 2.5 weeks 
in patients, and 1 week in healthy peers.
Subjects: Patients with hip osteoarthritis (age range 61–83 
years) with 1 (n = 37), 2 (n = 35), or 2.5 weeks (n = 15) between 
tests, and 35 healthy peers (age range 63–82 years).
Methods: Maximal isometric hip and thigh strength, leg ex-
tensor power, and functional performance (8-foot Up & Go, 
stair climbing, chair stand and 6-min walk) were measured 
in patients, and quadriceps strength, leg extensor power and 
functional performance were measured in healthy peers. 
Systematic error, reliability and agreement were calculated.
Results: Most hip strength measurements for the most symp-
tomatic extremity, and nearly all strength measurements for 
the least symptomatic lower extremity, declined after 1 week 
(p < 0.05), but not after a 2.5-week interval. In healthy peers, 
quadriceps strength was unchanged. Regardless of the time 
interval, leg extensor power was unchanged, while function-
al performances improved at retest for all participants.
Conclusion: In patients with hip osteoarthritis leg extensor 
power is unaffected by the time interval between tests, in 
contrast to muscle strength and functional performance.
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INTRODUCTION

Osteoarthritis (OA) is characterized by pain during physical ac-
tivity, which may lead to reduced physical activity, resulting in 
muscle weakness and functional limitations (1). In comparison 

with the general population, patients with hip OA experience 
more limitations in mobility and activities of daily living (2) 
and a higher level of all-cause mortality, which increases with 
the severity of walking disability (3). While patients with knee 
OA primarily display quadriceps weakness (4), data indicate 
that all muscles in the lower limb may be affected in hip OA (5).

The recommended management for patients with hip OA 
includes exercise, education, analgesic medication and, if 
necessary, weight reduction (6). However, there has been 
little research into the effect of exercise in patients with hip 
OA (7). In addition, there is limited documentation on the 
reproducibility of outcome measures to assess muscle func-
tion and functional performance in patients with symptomatic 
hip OA only.

Reproducibility can be distinguished in population-specific 
reliability and agreement. Reliability assesses whether subjects 
can be distinguished from each other, despite measurement er-
rors. Agreement assesses the measurement error for repeated 
measurements (8). An important component of measurement 
error is systematic bias (e.g. learning effect) (9). Results for 
repeated performance tests depend on effort and motivation, 
which can be influenced by prior test experience, desire to 
improve, decline due to fatigue, and loss of motivation with 
repeated trials (9, 10). Consequently, the time interval be-
tween tests may affect reproducibility (11). In athletes, a time 
interval longer than 1 day is recommended between repeated 
measures of performance tests to allow for adequate recovery 
(9); however, the time interval in reproducibility studies of 
functional performance in patients with hip or knee OA varies 
greatly (minutes to weeks) (12). A very short time between test 
and retest of maximal muscle strength in patients with hip OA 
may increase the risk of delayed onset muscle soreness, which 
typically subsides 3–5 days after unaccustomed exercise, and 
muscle weakness, which may persist for up to 21 days after a 
single bout of eccentric exercise (13).

Pua et al. (14) documented good to excellent intra-rater 
reproducibility (intraclass correlation coefficient (ICC)  
0.84–0.97, coefficient of variation (CV) 16–8%) of maximal 
isometric hip muscle strength in persons with hip OA, when 
tested with at least 1 week (median 19 days) between tests. 
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However, hip abductor strength improved, which indicates a 
bias due to a learning effect. Compared with muscle strength, 
muscle power appears to be more closely related to impaired 
functional performance in older individuals (15). In a mixed 
population of patients awaiting hip or knee replacement, a 
learning effect has been demonstrated for tests of muscle power 
(16) and functional performance (16, 17), but, to our knowl-
edge, it is not known whether this is the case in a population 
that only includes patients with hip OA. finally, some studies 
have indicated that the reproducibility of muscle strength and 
functional performance measures may be poorer in patients 
compared with healthy individuals, but comparing patients 
with hip OA with healthy controls has yielded conflicting 
results (18, 19).

The purpose of our study was to investigate the test-retest 
intra-rater reliability and agreement of maximal isometric hip 
and thigh muscle strength, leg extensor power (lEP), and 6 
functional performance measures in patients 60 years of age 
and older with hip OA, with time intervals between test and 
retest of 1, 2 and 2.5 weeks, respectively. A further aim was 
to compare intra-rater reliability and agreement of maximal 
isometric knee extensor strength, lEP, and functional perfor-
mance measures in patients with hip OA and healthy peers.

MATERIAl AND METHODs
Participants
This study is part of a randomized trial investigating the effects of 
exercise in patients with hip OA. Inclusion criteria were: home-
dwelling individuals 60 years of age and older with symptomatic hip 
OA who met the clinical criteria of hip OA according to the American 
College of Rheumatology (20), but not awaiting hip joint replacement. 
Exclusion criteria were: (i) symptomatic OA of the knee or the big 
toe; (ii) knee or hip joint replacement; (iii) other types of arthritis; 
(iv) previous hip fracture; (v) co-morbidity that prevented exercising; 
(vi) treatment related to hip problems within the last 3 months; (vii) 
inability to use public transportation; and (viii) exercising regularly 
twice or more weekly. All participants provided informed consent. The 
study was approved by the Danish Ethics Committee of the Capital 
Region (H-C2009-042).

Patients were recruited through general practitioners and specialists 
in greater Copenhagen and advertisements in local newspapers. To 
reduce the bias due to potential learning effect on the interpretation of 
the effect of exercise all patients in the randomized trial performed the 
baseline tests twice (14, 16, 17). The initial data indicated that retest 
results appeared to be lower in some patients when isometric hip and 
thigh muscle strength were measured with short time between the 2 
baseline tests. Accordingly, to explore the importance of the time in-
terval between tests, we selected all patients with 1 week (6–8 days), 2 
weeks (11–15 days) and 2.5 weeks (16–20 days), respectively, between 
baseline tests for this study. furthermore, to avoid inter-tester variation 
we included only those patients who were examined by the same tester.

Healthy participants were recruited through advertisements in local 
newspapers. Inclusion criteria were: home-dwelling, 60 years of age and 
older, no self-reported mobility problems, joint pain, and morbidities.

Methods
Test conditions were standardized with regard to location, test protocol 
and test order. In patients with hip OA all tests were conducted by 
the same experienced physiotherapist, who was blinded to the results 
of the previous measurements. both test and retest were conducted 
over 2 days with the following test order: day A – maximal isometric 

strength of the knee extensors, knee flexors, hip external rotators, hip 
internal rotators, and hip flexors, and 15 s marching on the spot test 
(MOs) (total time 2–2.5 h); day b – maximal isometric strength of the 
hip abductors and adductors, 8-foot Up & go test (Ug), leg extensor 
power, timed stair climb test (TsC), timed 5 chair stands (5CT), 30 s 
chair stand test (30sCs) and 6-min walk test (6MW) (total time 1.5 h).  
The time between test day A and B was 1–3 days for the first test and 
1–2 days for the retest.

In the healthy participants, tests were conducted in 1 day and re-
peated exactly 7 days later. These tests comprised maximal isometric 
knee extensor strength, leg extensor power and the 6 functional per-
formance measures (total time 2 h). four testers, who were trained 
to complete the test battery in the same standardized way, performed 
the tests. To avoid inter-tester variation, the same tester carried out 
all tests in the same individual.

Muscle function assessments. The least symptomatic lower extrem-
ity (LE) was tested first and, to ensure the correct direction of force 
production, a sub-maximal practice trial was performed. Participants 
crossed their hands against their chest and were instructed to perform at 
their maximum ability. standardized verbal encouragement and visual 
feedback were given. Measurements were repeated until a decrease 
in output occurred. The highest value was used for data analysis. A 
minimum of 3 repetitions for the strength measurement and 5 repeti-
tions for power measurement was required. self-reported hip pain 
prior to and during each measurement was assessed using a numeric 
pain rating scale from 0 to 10 (21).

Maximal isometric hip muscle strength. Maximal isometric hip muscle 
strength measurements were conducted with a handheld dynamometer 
(HHD) (JTech Power Track II commander) (14). All tests were make 
tests (22), and contractions lasted 5 s separated by a rest period of 
60 s. The HHD force pad was placed 5 cm above the medial and the 
lateral malleolus, respectively, except for hip flexor measurements, 
in which the pad was placed 5 cm above the patella. External and 
internal rotators and flexors were measured with the patient seated in 
a straight-back chair with hips and knees flexed at 90°. Stabilization 
belts were placed across the waist and the ipsilateral thigh distally, 
but when measuring flexors strength no stabilization belts were used. 
Abductors and adductors were measured with the patients in the supine 
position and the hips in the neutral position. stabilization belts were 
applied across the pelvis and distally across the contra-lateral thigh. 

Maximal isometric thigh muscle strength. Maximal isometric thigh 
muscle strength measurements were conducted with the good strength 
device (Version 3.14 Bluetooth; Metitur Ltd, Finland) (23). The par-
ticipants were seated with hips flexed at 90° and knees flexed at 60°. 
stabilization belts were placed across the waist and distally across 
the ipsilateral thigh, and the transducer was placed 5 cm above the 
malleoli. The contraction lasted 5 s and each trial was separated by 
a rest period of 60 s.

Leg extensor power. lEP (force × velocity) measurements were con-
ducted with the leg Extensor Power Rig (Queen’s Medical Centre, 
Nottingham University, UK) (24) and measured during unilateral 
lower limb extension. The participants were in a seated position and 
a single explosive lower limb extension accelerated a flywheel from 
rest. The participants were instructed to kick the pedal as hard and fast 
as possible. The extension movement took 0.25–0.4 s, and the final 
angular velocity of the flywheel was used to calculate the mean LEP 
during the push (24). Each trial was separated by a rest period of 20 s.

Functional performance assessments. A stopwatch, a timer, a tally 
counter, a straight-back chair without armrest (seat height 44.5 cm), 
a long measuring tape and 2 cones were used for the 6 functional per-
formance tests. After verbal and visual instructions of the procedures, 
the participants conducted a sub-maximal practice trial to ensure the 
correct technique, except for the 6MW test. In all tests, participants 
were instructed to perform at their maximum.
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fifteen seconds marching on the spot test (MOs): the number of 
knee raises completed in 15 s (19). Marking tape on the wall midway 
between the participant’s patella and iliaca crest was used to monitor 
correct knee height (25). 

Eight-foot Up & go test (Ug): the time to rise from a chair, walk 
as quickly as possible around a cone placed 8 feet in front of the chair 
and return to sit on the chair (25). The best result of 2 timed trials was 
used for data analysis.

Timed stair climbing test (TsC): the time to ascend and descend a 
flight of 10 steps (step height 16.3 cm, step depth 35.8 cm) without 
using the handrail (26). The best result of 2 timed trials was used for 
data analysis.

Thirty seconds chair stand test (30sCs) and timed 5 chair stands test 
(5CT): the time to complete the first 5 stands (26) and the number of 
stands completed in 30 s were measured (27); the participants crossed 
their hands against their chest.

six-minute walk test (6MW): the walking (not running) distance 
completed in 6 min was measured on a 30-m flat course marked with 2 

cones (26, 28). for safety reasons the tester walked a couple of metres 
behind the participant during the test. The participants were told when 
half of the time had passed and when there was 2 min remaining.

Statistical analysis
Data are presented as means and standard deviations (sD), and the 
difference in values between test 1 and test 2 (retest) are presented 
as mean (SD) and 95% confidence interval. Self-reported pain prior 
to and during the muscle function measurements, and the number of 
repetitions are presented as median and interquartile range (IQR). A 
number of statistical methods were employed to assess reproducibility 
(9). Initially a paired t-test was used to explore systematic bias relative 
to random error (9). Intra-class correlation coefficient (ICC, 2-way 
random model, consistency definition) was calculated to describe the 
reliability. Agreement or within-subject variation meaning the random 
variation in a measure when the individual is tested many times (10) 
was described with 3 parameters: (i) the standard error of the measure-
ment (sEM) (8), which describes the variation in the same units as 
the original measurement, (ii) the coefficients of variation (CV) (29), 
which describes the variation in percent, and (iii) the minimal detect-
able change at the 90% confidence level (MDC90) (30). The data was 
analysed using sPss, version 20.

REsUlTs

A total of 87 patients with hip OA and 35 healthy peers were 
included. Participant characteristics are shown in Table I.

Patients with hip osteoarthritis 
Muscle strength measurements. In the 1-week group significantly 
lower retest values were detected for hip external rotators, flexors 
and abductors in the most symptomatic lE; and for all the hip 

Table I. Participant characteristics

Characteristics Older adults with hip OA
Healthy 
peers

Time between tests, weeks, n 1 2 2.5 1 
Participants, n 37 35 15 35
sex, male/female, n 11/26 8/27 8/7 17/18
Age, years, mean (sD) 68 (4) 68 (6) 71 (5) 71 (5)a

Height, cm, mean (sD) 168 (8) 169 (7) 170 (11) 171 (9)
Weight, kg, mean (sD) 77 (16) 79 (14) 78 (17) 77 (14)
bMI, kg/m2, mean (sD) 28 (6) 27 (5) 27 (4) 26 (3)
aThe healthy older adults were significantly (p = 0.038) older than the 
patients.
OA: osteoarthritis; sD: standard deviation; bMI: body mass index.

Table II. Reliability and agreement of maximal isometric hip muscle strength measurements in the most symptomatic limb and the least symptomatic 
lower limb in patients with hip osteoarthritis

Hip muscle strength (N)

The most symptomatic limb
Weeks between test and retest

The least symptomatic limb
Weeks between test and retest

1 (n = 37) 2 (n = 35) 2.5 (n = 15) 1 (n = 37) 2 (n = 35) 2.5 (n = 15)

External rotators
Test/retest, mean (sD) 87.9 (26.8)/ 

80.5 (29.8)
76.9 (24.6)/ 
72.9 (27.1)

95.0 (33.7)/ 
90.8 (30.9)

95.0 (30.3)/ 
87.5 (28.9)

79.2 (21.7)/ 
75.0 (26.3)

101.6 (30.4)/ 
97.8 (26.0)

Difference, mean (sD) 
[95% CI]

–7.4 (18.7)* 
[–13.7 to –1.2]

–4.0 (15.3) 
[–9.3 to 1.3]

–4.2 (11.7) 
[–10.7 to 2.2]

–7.4 (13.6)** [–11.9– to 
–2.9]

–4.1 (15.9) 
[–9.6 to 1.3]

–3.7 (12.6) 
[–10.8 to 3.2]

Paina 
Test/retest, mean (sD) 0 (0–0), 0 (0–1)/

0 (0–0), 0 (0–2)
0 (0–0), 0 (0–2)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

ICC 0.782 0.824 0.935 0.894 0.782 0.900
sEM (N) 13.2 10.8 8.2 9.6 11.2 8.9
CV (%) 16.7 14.8 9.2 11.9 14.9 9.1
MDC90 (N) 30.9 25.2 19.3 22.4 26.2 20.8

Internal rotators
Test/retest, mean (s)D 84.0 (24.4)/ 

81.2 (29.3)
72.3 (32.4)/ 
70.4 (33.0)

92.3 (35.9)/ 
89.8 (36.9)

94.4 (25.9)/ 
90.8 (27.4)

84.5 (24.6)/ 
83.0 (29.4)

103.0 (37.2)/ 
92.2 (33.9)

Difference, mean (sD) 
[95% CI]

–2.8 (15.7)
[–8.0 to 2.5]

–1.9 (16.0)
[–7.4 to 3.4]

–2.4 (13.4)
[–9.9 to 5.0]

–3.6 (13.9) 
[–8.2 to 1.0]

–1.5 (22.0)
[–9.1 to 6.1]

–10.8 (16.2)* 
[–19.8 to –1.8]

Paina 
Test/retest, mean (sD) 0 (0–0), 0 (0–3)/

0 (0–0), 0 (0–2)
0 (0–0), 0 (0–3)/
0 (0–0), 0 (0–2)

0 (0–0), 0 (0–0)/
0 (0–1), 0 (0–2)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

ICC 0.830 0.880 0.932 0.864 0.670 0.896
sEM (N) 11.1 11.3 9.5 9.8 15.6 11.4
CV (%) 13.5 15.8 10.2 10.8 18.4 13.8
MDC90(N) 25.9 26.4 22.1 22.9 36.3 26.7
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muscles in the least symptomatic lE except the internal rota-
tors (Table II). In the 2-week group, significantly lower retest 
values were detected for hip flexors and abductors in the most 
symptomatic LE, and hip flexors in the least symptomatic LE. 
In the 2.5-week group, significantly lower retest value was only 
detected for the internal rotators in the least symptomatic lE.

There was no significant difference in the most symptomatic 
lE between test and retest values for the thigh muscle strength 
irrespective of the time interval between the tests (Table III). In 
the least symptomatic lE, the retest values for both knee exten-
sors and knee flexors were significantly lower in the 1-week 
group, while only the retest value for the knee extensors was 
significantly lower in the 2-week group (Table III). For hip and 
thigh muscle strength measurements the reliability ranged from 
ICC=0.67 to 0.94 and the agreement from CV = 22% to 6% (Ta-

bles II and III). Overall, the number of repetitions for hip and 
thigh muscle strength measurements was 4 (3–7) (median (IQR)) 

In general, self-reported pain was 0 (0–0) prior to and during 
all muscle strength measurements of the least symptomatic lE 
and thigh muscle strength measurements of the most sympto-
matic lE (Tables II–III). In contrast, some patients reported 
pain during hip muscle strength measurements of the most 
symptomatic lE (Table II).

Leg extensor power measurements. There were no significant 
differences between test and retest for lEP values (Table III). 
The reliability parameter ranged from ICC=0.93 to 0.96 and 
the agreement parameter from CV = 11% to 7% (Table III). 
The number of repetitions for the power measurements ranged 
from 6–8 (5–10). Overall, self-reported pain was 0 (0–0) prior 

Table II. Contd.

Hip muscle strength (N)

The most symptomatic limb
Weeks between test and retest

The least symptomatic limb
Weeks between test and retest

1 (n = 37) 2 (n = 35) 2.5 (n = 15) 1 (n = 37) 2 (n = 35) 2.5 (n = 15)

Flexors
Test/retest, mean (sD) 117.0 (33.4)/ 

109.2 (36.7)
106.6 (50.6)/ 
92.3 (35.2)

128.4 (63.2)/ 
119.3 (50.8)

126.8 (41.7)/ 
119.1 (40.1)

117.9 (48.9)/ 
102.5 (43.6)

128.2 (45.5)/ 
120.6 (44.8)

Difference, mean (sD) 
[95% CI]

–7.8 (19.5)* 
[–14.3 to –1.3]

–14.3 (26.8)** 
[–23.5 to –5.0]

–9.1 (32.7) 
[–27.2 to 9.0]

–7.7 (19.7)* 
[–14.3 to –1.1]

–15.5 (23.1)**
 [–23.4 to –7.5]

–7.6 (24.2) 
[–21.0 to 5.7]

Paina  
Test/retest, mean (sD) 0 (0–0), 0 (0–2)/

0 (0–0), 0 (0–2)
0 (0–0), 0 (0–2)/
0 (0–1), 0 (0–2)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–1)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

ICC 0.845 0.811 0.837 0.884 0.875 0.857
sEM (N) 13.8 19.0 23.1 13.9 16.3 17.1
CV (%) 13.0 21.6 18.8 12.1 17.7 14.0
MDC90 (N) 32.2 44.2 54.0 32.5 38.1 39.9

Abductors
Test/retest, mean (sD) 64.7 (23.8)/ 

60.0 (24.2)
54.4 (24.5)/ 
50.3 (24.6)

71.2 (24.9)/ 
73.8 (29.0)

74.3 (25.3)/ 
69.2 (25.1)

60.1 (23.8)/
56.3 (24.2)

74.7 (26.5)/ 
76.9 (30.3)

Difference, mean (sD) 
[95% CI]

–4.7 (13.0)*
[–9.1 to –0.38]

–4.1 (9.1)* 
[–7.2 to –0.9]

2.6 (14.0) 
[–5.1 to 10.3]

–5.0 (11.1)** [–8.7 to –1.3] –3.7 (11.1) 
[–7.3 to 0.1]

2.2 (15.6) 
[–6.4 to 10.9]

Paina 
Test/retest 0 (0–1), 2 (0–3)/

0 (0–2), 1 (0–3)
0 (0–1), 0 (0–2)/
0 (0–1), 0 (0–3)

0 (0–0), 0 (0–3)/
0 (0–1), 0 (0–2)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

ICC 0.853 0.931 0.867 0.902 0.894 0.849
sEM (N) 9.2 6.4 9.9 7.8 7.8 11.0
CV (%) 15.5 13.3 13.4 12.0 14.0 14.2
MDC90 (N) 21.5 15.0 23.1 18.3 18.3 25.7

Adductors
Test/retest, mean (sD) 72.7 (27.8)/ 

72.0 (27.8)
59.5 (30.0)/ 
58.5 (30.9)

82.4 (30.6)/ 
78.4 (29.5)

78.9 (22.3)/ 
74.1 (23.7)

63.5 (29.8)/ 
62.6 (28.8)

84.3 (25.0)/ 
80.6 (24.6)

Difference, mean (sD) 
[95% CI]

–0.7 (14.6) 
[–5.6 to 4.1]

–1.0 (11.6) 
[–6.0 to 3.0]

–3.9 (13.1) 
[–11.1 to 3.3]

–4.8 (12.4)*
[–9.0 to –0.7]

–0.9 (9.9) 
[–4.3 to 2.5]

–3.7 (8.8) 
[–8.6 to 1.1]

Paina 
Test/retest, mean (sD) 0 (0–2), 1 (1–3)/

0 (0–2), 0 (0–3)
0 (0–1), 0 (0–2)/
0 (0–1), 0 (0–1)

0 (0–1), 0 (0–2)/
0 (0–2), 0 (0–2)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

ICC 0.863 0.927 0.905 0.855 0.943 0.937
sEM (N) 10.3 8.2 9.2 8.8 7.0 6.2
CV (%) 12.0 13.8 11.7 12.1 11.0 7.9
MDC90 (N) 24.1 19.1 21.6 20.5 16.3 14.5

Significant difference between test and retest *p < 0.05; **p < 0.01. 
aMedian (interquartile range) pain rating before, and during the measurement.
N: newton; 95% CI: 95% confidence interval; ICC: intraclass correlation coefficient; SEM: standard error of the measurement; CV: coefficients of 
variation; MDC90: minimal detectable change at the 90% confidence level; SD: standard deviation.
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to the measurements, while some patients reported pain during 
the measurements of the most symptomatic lE (Table III).

Functional performance measures. Significantly, higher retest 
values were detected for all the functional performance meas-
ures except the Ug and the 6MW test in the 2-week group 
and the TSC in the 2.5-week group (Table IV). The reliability 
parameter ranged from ICC = 0.82 to 0.96 and the agreement 
parameter from CV = 12% to 4% (Table IV).

Healthy peers
No significant differences were detected for maximal isometric 
knee extensor strength and LEP (Table V), but significantly 
higher retest values were detected for all functional perfor-
mance measures except the timed stair climbing test (Table VI).

DIsCUssION

This intra-rater test-retest study in patients with hip OA in 
general showed good to excellent reliability for both hip 
muscle strength measured with HHD (ICC = 0.67–0.94) and 
thigh muscle strength measured with the good strength device 
(ICC = 0.73–0.94), while agreement ranged from poor to good 
(CV = 22–8%). However, the reproducibility of the muscle 
strength measurements, in general, was affected by the time 
interval between tests; from a general systematic decline for 
the 1-week interval to no change for the 2.5-week interval. In 
contrast, we showed excellent reliability (ICC = 0.93–0.96) 
and good agreement (CV = 11–8%) of LEP, and irrespective 
of the time interval between tests the results were unchanged. 
finally, although both reliability (ICC = 0.82–0.96) and agree-

Table III. Reliability and agreement of maximal isometric thigh strength and leg extensor power measurements in the most symptomatic limb and the 
least symptomatic lower limb in patients with hip osteoarthritis

Thigh muscle strength 
and muscle power

The most symptomatic limb
Weeks between test and retest

The least symptomatic limb
Weeks between test and retest

1 (n = 37) 2 (n = 35) 2.5 (n = 15) 1 (n = 37) 2 (n = 35) 2.5 (n = 15)

Extensors
Test/retest, mean (sD) 327.1 (113.0)/ 

314.3 (110.4)
297.61 (89.6)/ 
281.91 (107.7)

374.91 (140.2)/ 
366.61 (113.7)

364.91 (114.2)/ 
336.81 (110.5)

331.91 (89.9)/ 
315.31 (102.6)

384.21 (137.0)/ 
390.51 (97.6)

Difference, mean (sD) 
[95% CI]

–12.8 (45.9) 
[–28.1 to 2.5]

–15.81 (56.4) 
[–35.1 to 3.6]

–8.71 (72.9) 
[–49.1 to 31.9]

–28.11 (38.6)** 
[–41.0 to –15.3]

–16.61 (47.2)* 
[–32.8 to –0.37]

6.31 (64.0) 
[–29.1 to 41.8]

Paina 
Test/retest, mean (sD) 0 (0–0), 0 (0–0)/

0 (0–0), 0 (0–0)
0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

ICC 0.916 0.838 0.837 0.941 0.881 0.855
sEM (N) 32.5 39.9 51.5 27.3 33.4 45.3
CV (%) 10.4 14.1 13.5 9.5 10.8 11.3
MDC90 (N) 75.7 93.1 120.3 63.7 77.9 105.6

Flexors
Test/retest, mean (sD) 147.91 (56.4)/ 

143.91 (54.9)
119.81 (43.8)/ 
116.91 (51.6)

180.31 (59.3)/ 
176.31 (63.7)

160.91 (57.4)/ 
148.51 (59.9)

121.61 (40.4)/ 
121.71 (55.6)

166.81 (53.8)/ 
175.71 (60.1)

Difference, mean (sD)
[95% CI]

–4.01 (38.1) 
[–16.7 to 8.7]

–2.91 (33.1) 
[–14.3 to 8.5]

–4,01 (21.9)
 [–16.1 to 8.1]

–12.41 (28.9)* 
[–22.0 to –2.8]

0.1 (35.5) 
[–12.1 to 12.3]

8.81 (29.8) 
[–7.7 to 25.3]

Paina 
Test/retest, mean (sD) 0 (0–0), 0 (0–0)/

0 (0–0), 0 (0–0)
0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–1)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

ICC 0.765 0.761 0.937 0.879 0.733 0.864
sEM (N) 26.9 23.4 15.5 20.4 25.1 21.1
CV (%) 18.3 19.6 8.5 14.2 20.3 12.4
MDC90 (N) 62.9 54.6 36.1 47.7 58.6 49.2

Muscle power
Test/retest, mean (sD) 114.21 (56.2)/ 

117.01 (54.5)
112.71 (45.6)/ 
110.31 (42.4)

131.21 (53.9)/ 
130.41 (55.3)

136.41 (56.0)/ 
140.51 (61.8)

131.31 (48.9)/ 
132.41 (52.6)

142.91 (41.9)/ 
144.51 (51.9)

Difference, mean (sD) 
[95% CI]

2.81 (17.3) 
[–3.0 to 8.5]

–2.41 (15.8) 
[–7.8 to 3.0]

–0.81 (15.1) 
[–9.2 to 7.6]

4.11 (18.9) 
[–2.2 to 10.4]

1.11 (18.1) 
[–5.2 to 7.3]

1.71 (18.1) 
[–8.4 to 11.7]

Paina 
Test/retest, mean (sD) 0 (0–0), 0 (0–2)/

0 (0–0), 0 (0–1)
0 (0–1), 0 (0–1)/
0 (0–0), 0 (0–1)

0 (0–1), 0 (0–1)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

0 (0–0), 0 (0–0)/
0 (0–0), 0 (0–0)

ICC 0.951 0.936 0.962 0.949 0.937 0.926
sEM (W) 12.2 11.2 10.7 13.4 12.8 12.8
CV (%) 10.6 10.0 7.9 9.8 9.6 8.7
MDC90 (W) 28.5 26.1 24.9 31.2 29.9 29.9

Significant difference between test and retest;*p < 0.05; **p < 0.01.
aMedian (interquartile range) pain rating before, and during the measurement. 
N: newton; W: watt; 95% CI: 95% confidence interval; ICC: intraclass correlation coefficient; SEM: standard error of the measurement; CV: coefficients 
of variation; MDC90: minimal detectable change at the 90% confidence level.
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ment (CV = 12–4%) were moderate to good for the functional 
performance measures nearly all results improved regardless 
of the time interval between tests. Significant improvements in 
the functional performance tests at retest were also detected in 
the healthy participants, while results on knee extensor strength 
and lEP were unchanged.

The time-dependent systematic decrease in maximal iso-
metric hip and thigh muscle strength in patients in the 1 and 
the 2 week groups cannot be explained by self-reported hip 

pain. self-reported hip pain was not an issue regarding as-
sessments of muscle function in the least symptomatic lE. 
In general, self-reported pain prior to and during the muscle 
function measurements in the most symptomatic lE was very 
low, did not change during the test procedures, and were the 
same at test and retest. We cannot ascertain the mechanism for 
the decrease in strength, but fear of pain or pain-related fear 
could potentially play a role. It has been shown that anticipa-
tion of pain in clinical pain populations often results in poor 

Table V. Reliability and agreement of knee extensor strength and leg extensor power measurements in the dominant and the non-dominant lower limb 
in healthy older adults with one week between tests

Knee extensor strength (N) Muscle power (Watt)

Domin Non-domin Domin Non-domin

Test/retest, mean (sD) 392.6 (101.4)/396.7 (105.6) 375.2 (106.4)/371.0 (106.3) 154.0 (56.1)/157.6 (57.0) 152.1 (56.4)/150.5 (53.1)
Difference, mean (SD) [95% CI] 4.1 (47.4) [–12.2 to 20.4] –4.3 (38.0) [–17.3 to 8.8] 3.6 (22.8) [–4.2 to 11.59] –1.6 (18.3) [–7.9 to 4.69]
ICC 0.895 0.936 0.919 0.944
sEM 33.5 26.9 16.1 12.9
CV, % 8.4 7.1 10.3 8.4
MDC90 78.2 62.7 37.6 30.2

Significant difference between test and retest; *p < 0.05; **p < 0.01.
N: newton; 95% CI: 95% confidence interval; ICC: intraclass correlation coefficient; SEM: standard error of the measurement; CV: coefficients of 
variation; MDC90: minimal detectable change at the 90% confidence level.

Table IV. Reliability and agreement of functional performance measures in patients with hip osteoarthritis

Weeks between test and 
retest

Performance measures

MOs (n) Ug (s) TsC (s) 5CT (s) 30sCs (n) 6MW (m)

1 (n = 37)
Test/retest, mean (sD) 21.0 (5.4)/ 

22.7 (6.2)
5.74 (1.47)/ 
5.52 (1.23)

10.04 (2.07)/ 
9.73 (2.17)

10.14 (2.63)/ 
9.34 (2.61)

13.7 (3.6)/ 
14.9 (4.7)

511.81 (102.62)/ 
529.03 (107.87)

Difference, mean (sD) 
[95% CI]

1.6 (2.8)** 
[0.7 to 2.6]

–0.22 (0.61)* 
[–0.42 to –0.02]

–0.32 (0.76)* 
[–0.57 to –0.07]

–0.78 (1.28)** 
[–1.22 to –0.34]

1.1 (2.1)** 
[0.4 to 1.8]

17.22 (29.27)** 
[7.46 to 26.98]

ICC 0.888 0.900 0.936 0.880 0.877 0.961
sEM 2.0 0.43 0.54 0.91 1.5 20.69
CV (%) 10.3 7.3 5.6 10.7 11.6 4.6
MDC90 4.6 1.00 1.25 2.11 3.5 48.30
2 (n = 35)
Test/retest, mean (sD) 20.0 (4.8)/ 

21.8 (5.1)
5.98 (1.31)/ 
5.95 (1.32)

10.56 (2.61)/ 
10.11 (2.22)

11.37 (3.02)/ 
10.49 (2.70)

12.6 (3.4)/ 
13.5 (3.5)

520.86 (97.57)/ 
526.86 (99.69)a

Difference, mean (sD) 
[95% CI]

1.8 (2.8)** 
[0.9 to 2.7]

–0.04 (0.54) 
[–0.22 to 0.15]

–0.45 (0.86)** 
[–0.75 to –0.16]

–0.89 (1.40)** 
[–1.39 to –0.38]

0.9 (1.3)** 
[0.5 to 1.4]

6.01 (27.85) 
[–3.71 to 15.72]

ICC 0.846 0.917 0.937 0.867 0.925 0.960
sEM 2.0 0.38 0.61 0.99 0.9 19.7
CV (%) 11.0 6.3 6.6 11.0 8.7 3.9
MDC90 4.6 0.89 1.42 2.31 2.1 45.95
2.5 (n = 15)
Test/retest, mean (sD) 20.9 (5.7)/ 

22.9 (4.1)
5.32 (0.84)/ 
5.10 (0.88)

8.92 (1.30)/ 
8.70 (1.35)

9.99 (2.12)/ 
9.38 (1.94)

14.2 (3.4)/ 
15.1 (3.6)

537.15 (71.67)/ 
555.34 (74.09)

Difference, mean (sD) 
[95% CI]

2.1 (3.0)* 
[0.4 to 3.7]

–0.22 (0.32)*
[–0.40 to –0.04]

–0.23 (0.62) 
[–0.58 to 0.11]

–0.61 (0.89)* 
[–1.10 to –0.12]

0.9 (1.5)* 
[0.1 to 1.8]

18.2 (30.3)*
[1.41 to 34.98]

ICC 0.821 0.931 0.890 0.905 0.911 0.914
sEM 2.1 0.23 0.44 0.63 1.1 21.43
CV (%) 11.5 5.1 5.2 7.7 8.3 4.5
MDC90 5.0 0.53 1.02 1.47 2.5 50.00

Significant difference between test and retest; *p < 0.05; **p < 0.01. an = 34, 1 missing due to Achilles tendon overuse injury.
MOs: 15 s marching on the spot test; Ug: 8-foot Up & go test; TsC: timed stair climb test; 5CT: timed 5 chair stands test; 30sCs: 30 s chair stand 
test; 6MW: 6-min walk test; 95% CI: 95% confidence interval; ICC: intraclass correlation coefficient; SEM: standard error of the measurement; CV: 
coefficients of variation; MDC90: minimal detectable change at the 90% confidence level.
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behavioural performance, which cannot be accounted for by 
pain severity (31). However, the decline in strength could also 
be due to muscle weakness associated with delayed onset mus-
cle soreness, which can persist for up to 21 days after 1 bout 
of eccentric exercise (13). Recovery of muscle strength after 
unaccustomed, vigorous, physical activity may be slower in 
older compared with younger persons (32, 33). Another pos-
sible mechanism involves motivational factors (9, 18), since 
the strength measures accounted for approximately 70% of 
the total test time.

Our results regarding the isometric hip strength measures 
in the 2.5-week group are generally consistent with previous 
results in intra-rater reproducibility of maximal isometric hip 
muscle strength measures in persons with hip OA (14, 18). 
However, Pua et al. (14) found a significant improvement in 
hip abductor strength. In our study, the hip abductor strength 
was numerically, but not significantly, greater at retest (Table 
II). Finally, the reproducibility of hip flexor strength was poorer 
in our study (ICC = 0.84 and CV = 19%) compared with those 
of Pua et al. (14) (ICC = 0.87 and CV = 11%; median 19 days 
between tests, n = 22) and Arokoski et al. (18) (ICC = 0.98 and 
CV = 8%; 2–6 weeks between tests, n = 9). These differences 
could be due to differences in testing procedures. We used a 
HHD-measurement and the seated test position similar to Pua 
et al., but we did not use a stabilization belt across the waist 
for the hip flexor strength measurement. In contrast, Arokoski 
et al. used the supine test position and an Active Isokinetic 
Rehabilitation system measurement.

We have not been able to identify any reproducibility study 
of thigh muscle strength in individuals with hip OA. However, 
a small intra-rater study (34) in 10 patients with hip or knee 
OA showed reliability parameters of isometric knee extensor 
strength (ICC = 0.95 and ICC = 0.97; test and retest within 1 
week), which is comparable with our results (ICC = 0.84–0.92).

lEP was unchanged at retest regardless of the time interval 
between tests, and we cannot ascertain the mechanism for this 
finding. One possible explanation could be that unilateral LE 
extension involves several muscle groups in the lE, and thus 
hip extensors and calf muscles may have compensated for the 
muscle weakness in the other hip and thigh muscles. further-
more, the measurement of lEP was dynamic in contrast to the 

static strength measurement and may resemble a more familiar 
motor activity compared with the isometric strength measures.

In contrast to our findings a reproducibility study including 
lEP measurements in patients awaiting hip (n = 9) or knee 
(n = 11) replacement (16) showed a systematic improvement at 
retest 1 week apart. Reliability or agreement parameters were 
poorer (ICC = 0.72, SEM = 18.3 watt, CV = 21% and MDC90 = 43 
watt) compared with our study (ICC = 0.93–0.96, sEM = 13.4–
10.7 watt, CV = 11–8% and MDC90 = 31.2–24.9 watt). This might 
be because the patients in that study had end-stage OA and/or 
because the majority had knee OA, and reliability and agreement 
parameters are population-specific (11). In our study, reliability 
and agreement of lEP in patients with hip OA and healthy peers 
were comparable (Tables III and V). We had expected a greater 
within-subject variation in the patients because of a greater 
fluctuation in symptoms and functioning (35).

several studies have documented learning effects for func-
tional performance measures in healthy older people (36, 37), 
but although physical function is one of the recommended 
core outcomes in clinical trials of OA (38), hardly any studies 
have investigated reproducibility of functional performance 
measures in patients with symptomatic hip OA only (12). One 
study on intra-rater reproducibility of functional performance 
measures in 9 men with hip OA (19) documented a reliability 
parameter of the marching on the spot test (ICC = 0.85) com-
parable to our study (ICC = 0.82–0.89), but the agreement 
parameter was slightly poorer (CV = 15% vs CV = 12–10%), 
which could be due to the small sample size and the variable 
time (2–6 weeks) between tests. 

The intra-rater reproducibility results of functional perfor-
mance measures in patients with knee or hip OA have been 
mixed. Two test-retest studies in patients awaiting total hip or 
knee replacement demonstrated a significant improvement at 
retest in the 30-s Chair stand Test (30–35 min between tests; 
n = 82) (17) and timed 5 chair stand test (1 week between 
tests; n = 20) (16). In contrast, no systematic differences in 
results were demonstrated in 6-min walk, Timed Up and go 
(3 m), timed stair climbing, and a fast self-paced walk when 
the median interval between test and retest was 178 days 
(n = 150) (30). In this case, a potential learning effect may 
have disappeared.

Table VI. Reliability and agreement of functional performance measures in healthy older adults with 1 week between tests

Performance measures

MOs (n) Ug (s) TsC (s) 5CT (s) 30sCs (n) 6MW (m)

Test/retest, mean (sD) 26.1 (6.4)/
28.4 (6.8)

5.28 (0.89)/
5.11 (0.94)

8.99 (1.60)/
8.91 (1.58)

9.06 (1.60)/
8.50 (1.91)

15.5 (2.8)/
16.3 (3.8)

582.72 (83.99)/
599.03 (102.12)

Difference, mean (sD) 
[95% CI]

2.4 (3.0)**
1.3 to 3.4]

–0.17 (0.40)* 
[–0.31 to –0.03]

–0.08 (0.67) 
[–0.32 to 0.15]

–0.55 (1.27)*
[–1.00 to –0.11]

0.9 (1.9)* 
[0.19 to 1.5]

16.30 (30.17)**
[5.94 to 26.67]

ICC 0.896 0.902 0.909 0.737 0.828 0.948
sEM 2.1 0.28 0.49 0.91 1.3 21.33
CV (%) 10.1 5.9 5.3 11.4 9.3 4.1
MDC90 4.95 0.66 1.15 2.15 3.1 49.78

Significant difference between test and retest; *p < 0.05; **p < 0.01.
MOs: 15 s marching on the spot test; Ug: 8-foot Up & go test; TsC: timed stair climb test; 5CT: timed 5 chair stands test; 30sCs: 30 s chair stand 
test; 6MW: 6-min walk test; 95% CI: 95% confidence interval; ICC: intraclass correlation coefficient; SEM: standard error of the measurement; CV: 
coefficients of variation; MDC90: minimal detectable change at the 90% confidence level.
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In our study, the results for nearly all functional performance 
measures improved significantly at retest in both patients and 
healthy and, in contrast to what we expected, the reliability 
and agreement parameters were comparable (Tables IV and 
VI). We measured 5CT and 30sCS because both tests have 
been used as outcome measures in clinical trials of OA (26). 
The reliability and agreement parameters of the 2 tests are 
comparable, but a floor effect has been reported for the 5CT 
(26) and, consequently, the 30sCs appears to be more suitable.

The present study has inherent strengths and limitations. The 
advantages are inclusion of patients with symptomatic hip OA 
only, the diversity of outcome measures investigated, and the 
importance of the timing of tests. The study has documented 
reliability and agreement for some of the recommended core 
functional performance measures from clinical practice guide-
lines to assess activity and participation limitations and effects 
of treatment programmes in patients with hip OA (12, 26, 39). 
While intra-rater studies usually limit the generalizability of 
the results, we believe that it is a strength of the present study 
because it eliminates inter-rater variation in the results related 
to the time interval between the tests. The limitations are that 
it cannot be excluded that the fairly heavy burden of measure-
ments undertaken on both days may have contributed to the 
systematic decline in muscle strength and the small number 
of patients in the 2.5-week group may have increased the 
risk of type 2 errors. A few of the patients were, for practical 
reasons, tested at different times of the day, which may have 
added to the variance. finally, because we only performed the 
tests twice we are unable to establish whether the test results 
become more stable at a third trial (9, 36).

In conclusion, to our knowledge, this is the first study that 
has investigated the intra-rater reliability and agreement of hip 
and thigh muscle strength, lEP and functional performance 
measurements in patients with symptomatic hip OA only. Our 
results indicate that the time interval between test and retest 
may affect the reproducibility of muscle strength measures 
and that at least 2 weeks between test and retest are required 
to avoid a systematic decline. Although the reproducibility 
of the functional performance measures was good, most test 
results improved regardless of the time interval between tests, 
indicating that at least 1 practice trial prior to data collection is 
needed. The only measurement that seems to be independent of 
the time interval between testing is leg extensor power, which 
is also strongly associated with functional performance in older 
individuals. for that reason, and because the test-retest agree-
ment is within the acceptable range, it may be appropriate and 
sensitive to measure change over time in patients with hip OA. 
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